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首先，开展了 0Cr18Ni9 不锈钢 550℃下简单拉伸、拉伸蠕变和裂纹扩展试
验，其中裂纹扩展试验包括疲劳、蠕变和蠕变-疲劳裂纹的扩展试验。通过
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Abstract 
Austenitic stainless steel 0Cr18Ni9 has excellent mechanical properties, 
corrosion resistance and heat resisting property. It is widely used in chemical industry, 
petroleum industry and nuclear power plant, etc. However, there are still relatively 
lack researches on high-temperature fracture behavior for 0Cr18Ni9. The contents of 
this paper are as follows: 
Firstly, tension test, tensile creep curve tests and high-temperature fracture 
behavior tests are conducted for austenitic stainless steel 0Cr18Ni9 at 550℃. For 
high-temperature fracture behavior tests, standard CT specimens are used and the tests 
are performed under fatigue, creep, and creep-fatigue loading conditions. From creep 
curve test results, the creep curve of 0Cr18Ni9 at 550℃ obviously has steady state 
creep stage at each stress level. For crack growth tests, the results show that the crack 
growth rate increases with the increasing temperature and the crack growth rate under 
creep-fatigue interaction is higher than the crack growth rate under fatigue loading. 
Secondly, the analysis of fracture surface is carried out by scan electron 
microscope (SEM). For fatigue crack growth, the fatigue striations are obviously 
observed. In late stage of crack growth, the fractography shows a typical character of 
ductile fracture. For creep crack growth, the fractography is a mixed type with dimple 
and intergranular fracture, and secondary crack can be observed in late stage of creep 
crack growth. For creep-fatigue crack growth, fatigue striation can be observed 
obviously and fatigue mechanism plays a leading role in crack propagation in early 
stage of crack growth. But in late stage of crack growth, the fractography is a mixed 
mode of fatigue striation and dimple fracture. 
Finally, using crack tip opening displacement (CTOD) as the criterion for crack 
extension, creep crack growth is simulated for 0Cr18Ni9 at 550℃ by the finite 
element code ANSYS. The FEA result of propagation length is in good agreement 
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IV 
criterion for crack extension, fatigue crack growth is simulated. Under fatigue loading, 
crack propagation length obtained by simulation agrees well with testing data. The 
maximum simulation error is about 8.06%. Using crack tip opening displacement 
(CTOD) as the criterion for crack extension, creep-fatigue crack growth for 0Cr18Ni9 
at 550℃ is simulated. For creep-fatigue, the maximum error of crack propagation 
length between the experimental data and numerical simulation results is about 
5.05%.  
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第一章  绪论 
1.1  研究背景及意义 
在工业生产和日常生活中，飞机机身和船体的开裂，天然气和各种压力管道
的裂纹扩展，铁轨的疲劳断裂，电子元件的断裂等事故和现象屡有发生。1982
年，美国商业部所属的国家标准局和 Battelle Columbus 实验室向国会提交的一份
调查报告中指出，美国每年因断裂和防止断裂而付出的代价大约 1190 亿美元[1]。


















































在试验研究方面，张芳等人[3]进行了 2.25Cr1Mo 钢 200℃、420℃、500℃下
的疲劳裂纹扩展试验，指出随着温度的升高，2.25Cr1Mo 钢的强度和延性下降，




发现 16MnR 钢在温度超过 300℃时，随着温度的升高疲劳裂纹扩展速率增大。
王莺等人[6]进行了 316L 钢常温、200℃、400℃、550℃下的疲劳裂纹扩展试验，
认为高温下氧化作用增强，导致裂纹尖端塑性降低，加速了疲劳裂纹扩展。 
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